ABSTRACT Ultraviolet (UV) detection and electrical characteristics of In 0.17 Al 0.83 N/AlN/GaN metaloxide-semiconductor heterostructure field-effect transistors (MOS-HFETs) with Al 2 O 3 gate-dielectric and passivation formed by using ultrasonic spray pyrolysis deposition (USPD) are studied with respect to a conventional Schottky-gate HFET. The present MOS-HFET (Schottky-gate HFET) has demonstrated superior spectral responsivity (SR) of 360 (340) A/W at 350 nm at V GS = 5(3) V and V DS = 6(7) V, maximum drain-source saturation current density (I DS,max ) of 810.5 (546.6) mA/mm, maximum extrinsic transconductance of (g m,max ) of 180.4 (221.2) mS/mm, gate-voltage swing (GVS) of 2.4 (0.5) V, on/off current ratio (I on /I off ) of 5.5 × 10 8 (1.7 × 10 5 ), two-terminal off-state gate-drain breakdown voltage (BV GD ) of −158.5 (−127) V, three-terminal drain-source breakdown voltage (BV DS ) of 162 (83.4) V at V GS = −10 V, and power-added efficiency (P.A.E.) of 26.3% (16.5%) at 2.4 GHz at 300 K. In addition to the improved device performance, this paper demonstrates, for the first time, the UV sensing based on an InAlN/AlN/GaN MOS-HFET design.
I. INTRODUCTION
InAlN/GaN heterostructure field-effect transistors (HFETs) have lately attracted great attention [1] - [5] due to latticematched heterointerface, large bandgap of InAlN, high conduction band discontinuity ( E C ), and enhanced piezoelectric and spontaneous polarization effects [6] , [7] . Therefore, improved transport property, decreased gate leakage current, improved channel confinement capability, high two-dimensional electron gas concentration (n 2DEG ) can be obtained as compared to the AlGaN/GaN heterostructures [8] . Besides, ultraviolet (UV) detection can be directly applied to flame monitoring, missile flume detection, chemical/biological sensing, or other business/military applications. Since the first demonstration [9] of UV detection based on AlGaN/GaN HFET device, various GaN-based UV photodiode (PD) designs have been studied. The diode structures include metal-semiconductormetal (MSM) diode [10] , PN junction diode [11] , and PIN junction diode [12] . Furthermore, various AlGaN/GaN high electron mobility transistor (HEMT) or PD structures [9] , [13] , [14] were also studied to provide UV detection with high photocurrent gain. This work investigates, for the first time, UV detection based on a gated In 0.17 Al 0.83 N/AlN/GaN metal-oxide-semiconductor heterostructure field-effect transistor (MOS-HFET). The MOS-gate structure was fabricated by growing a 10-nm thick Al 2 O 3 gate-dielectric by using the ultrasonic spray pyrolysis deposition (USPD) [15] - [20] technique. High spectral responsivity (SR) of 360 A/W at 350 nm has been achieved as the device was biased at V GS = 5 V and V DS = 6 V. The present MOS-HFET design has also demonstrated improved breakdown, gate-voltage swing (GVS) linearity, current 2168-6734 c 2019 IEEE. Translations and content mining are permitted for academic research only.
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See http://www.ieee.org/publications_standards/publications/rights/index.html for more information. VOLUME 7, 2019 densities, and power performance. Various characterizations of C-V measurement, TEM, low-frequency noise spectra, and Hooge's coefficient (α H ) were also conducted for the present design. 
II. MATERIAL GROWTH AND DEVICE FABRICATION
The device diagram of the present Al 2 O 3 -dielectric MOS-HFET is shown in Fig. 1 (a). The epitaxial structure was grown on a Si substrate by using a low-pressure metalorganic chemical vapor deposition (LP-MOCVD) system. The layer structure include a nucleation layer, 1-µm thick GaN channel, a 0.8-nm thick AlN spacer, and a 9-nm thick In 0.17 Al 0.83 N barrier layer. A reference Schottkygate HFET (sample A) was fabricated [21] in comparison. Standard photolithography and lift-off techniques were used for device fabrication for the present MOS-HFET, denoted as sample B. Inductively coupled-plasma reactive ion etcher (ICP-RIE) was used to perform mesa etching down to the nucleation layer. Metal stacks of Ti (10 nm)/Al (100 nm)/Au (50 nm) were evaporated and annealed at 900 • C for 30 seconds, by using the ULVAC MILA-5000 rapid thermal annealing (RTA) system, to obtain ohmic contact for the source/drain electrodes. The USPD technique was used to form the Al 2 O 3 layer on the In 0.17 Al 0.83 N barrier surface between the source and drain electrodes. Finally, metal stacks of Ni (100 nm)/Au (50 nm) were evaporated and lifted off to complete the device fabrication for sample B. Both samples A and B were fabricated at the same time except for the oxide deposition. No post-annealing was conducted for the USPD-grown Al 2 O 3 . The cross-sectional TEM photo of the MOS-gate structure is shown in the inset of Fig. 1 (a). The Al 2 O 3 thickness was determined to be 10 nm. The oxide thickness was devised with respect to transconductance gain with optimum surface flatness. Fig. 1(b) shows the surface roughness profile for the grown 10-nm thick Al 2 O 3 oxide characterized by using atomic force microscopy (AFM). The root-mean-squared surface roughness was found to be 1.71 nm. immediately, at 1 MHz. The C-V hysteresis phenomenon is resulted from trapping and detrapping with respect to interface states or oxide trapped charges [21] , [22] . The hysteresis voltage ( V) was determined by the difference between the midpoints of the C-V curves. V of sample B was found to be 0.23 V, which is lower than 0.36 V in sample A. This indicates that successful surface passivation has been obtained by the USPD-grown Al 2 O 3 layer. As discussed in our previous work [21] , the oxide capacitance (C ox ) was characterized to be 195.8 pF for a MOS capacitor structure. The area is 2000 µm 2 and the oxide thickness is 10 nm. Thus, the relative permittivity (k) was calculated to be 11.1. In order to determine the interface density (D it ), Fig. 2(b) shows C-V characteristics measured at 1 MHz and 10 kHz. The extracted D it profile was also shown in the inset by using the high/low-frequency method [23] . The average D it was determined to be 2.6 × 10 11 cm −2 -eV −1 .
III. EXPERIMENTAL RESULTS AND DISCUSSION
Comparison of low-frequency noise (1/f ) spectra of samples A-B was shown in Fig. 3 . The devices were measured by using an Agilent 35670A amplifier and a BTA 9812B spectrum analyzer. The biases are V GS = −2 (−3) V and V DS = 3 (3) V for sample B (A). The corresponding Hooge's coefficient (α H ) was determined to be 1.1 × 10 −7 (7.7 × 10 −5 ) at f = 100 Hz. Lower noise floor and α H of sample B than those in sample A have verified that the interfacial quality has been successfully achieved by the Al 2 O 3 passivation layer grown by USPD. 10 V, respectively, for sample B at 300 K. Good pinchoff was observed. a load-pull system. The device biases are V GS = −2 (−3) V and V DS = 10 (10) V for sample B (A). The output power (P out ), associated power gain, and power-added efficiency (P.A.E.) were found to be 10. [25] and other GaN PDs [26] , [27] . Table 1 summarizes that comparisons of electrical and UV sensing characteristics for the studied samples A-B.
IV. CONCLUSION
Improved UV detection and device performance of an 
